In E. coli, the rtcB gene together with rtcA and rtcR comprise the σ54-dependent operon termed the RNA 3'-terminal phosphate cyclase operon 1 .
The functions of the gene products RtcA and RtcR have been characterized previously as RNA 3'-terminal phosphate cyclase and σ 54 -specific regulator, respectively. On the other hand, although RtcB is highly conserved among many organisms, there have been few studies of RtcB and its homologs. 1 In a previous study, it was suggested that human RtcB homolog may form a heterotrimer 2 with DDX1 (putative RNA helicase 3 ) and CGI-99 (ninein-interaction protein 4 ). These three proteins were pulled down by double-stranded DNA fragments. The artificial DNA sequences included an 11-bp inverted repeat, thus enabling formation of a cruciform structure. The manner of interaction between the presumptive trimer and double-stranded DNA has not been clarified.
Sequence analysis indicated that the ph1602 gene encodes an RtcB homolog with an intervening intein 5 . Thus, translation products of ph1602 are considered to generate two mature proteins, PH1602-intein and PH1602-extein, due to the protein splicing activity of the intein. We cloned the extein sequence of PH1602, and successfully overexpressed, purified, and crystallized the PH1602-extein. Here, we report the crystal structure of PH1602-extein at 2.15 Å resolution, determined by the single-wavelength anomalous diffraction (SAD) method.
Materials and methods. Cloning of the gene encoding PH1602-extein. The ph1602 gene is predicted to encode two mature proteins, an extein and an intein.
The gene encoding RtcB homolog protein, PH1602-extein, is separated into two remote regions. Therefore, four primers were designed to fuse the two exteins via PCR to obtain the entire PH1602-extein gene. The sequences of the primers Table I ]. The asymmetric unit contained two PH1602-extein molecules. Native data were collected at a wavelength of 0.9000 Å under cryogenic conditions (100 K) after soaking the crystal in cryoprotectant solution supplemented with 30% (w/v) sucrose. The data were integrated and scaled using the MOSFLM 6 and SCALA 7 programs.
Single-wavelength anomalous diffraction (SAD) data were collected at a 5 wavelength of 0.9796 Å from a Se-Met crystal under the same conditions as native data. The data were integrated and scaled using HKL2000 8 .
Structure determination and refinement. Selenium sites were determined and the initial phases were calculated by SAD method using SOLVE 9 . After improving phases, approximately 50% of the overall structure of PH1602-extein was automatically built by RESOLVE 10 . The remaining 50% of the protein was traced manually over the initial map using O 11 .
The initial model was refined using native data by positional and B-factor refinement with the CNS program 12 . During refinement, 10% of all reflection data were set aside for calculation of the free R-factor. The final model consisted of 960 residues, 871 water molecules, 9 sulfate ions, and 2 sucrose molecules with an R of 16.8% and R free of 20.4% at 2.15 Å. The model quality was checked using PROCHECK 13 . The atomic coordinates of PH1602-extein have been deposited in the Protein Data Bank with access code 1UC2.
Results and discussion. The crystal structure of the RtcB homolog, PH1602-extein, was determined at 2.15 Å resolution [ Table I ]. The asymmetric unit contains two PH1602-extein molecules with root mean square deviation of 0.877 Å. Although these two molecules are related by local two-fold axis, the results of gel filtration chromatography showed that PH1602-extein is a monomer in solution (data not shown). These results indicate that 6 intermolecular interface between two molecules in the asymmetric unit is only formed in crystal state.
The overall structure of PH1602-extein forms a single rigid domain. The domain showed a novel fold and unique topology [ Fig. 1(a), 1(b) ]. No structure exhibiting significant similarity to PH1602-extein was found by a DALI structure similarity search 14 . There are three beta-sheets in PH1602-extein.
The beta-sheet the including N-terminal strand consists of β1-β2-β3-β4-β10-β9, the tiny beta-sheet consists of β11-β14, and branched beta-sheet including the C-terminal strand is in the order β8-β5-β7-β6 (-β16-β13-β12) -β17-β15. These beta-sheets are surrounded by 15 alpha-helices, one of which (α10) The hydrophilic pocket is located at the center of the molecule, and its diameter is over 10 Å. Although the human RtcB homolog, DDX1, and CGI-99 may form a heterotrimer and the presumptive trimer binds to double-stranded DNA 2 , the positively charged cleft of the RtcB homolog is too narrow to bind to double-stranded DNA.
Sequence comparison indicated that the hydrophilic residues creating the pocket are well conserved [ Fig. 1(d) ]. Therefore, the hydrophilic pocket is 7 expected to be formed in all RtcB homologs, and to have important biological functions.
Previously, the possible involvement of a metal ion in RtcB function was suggested because of the presence of conserved histidine residues 1 . In the present study, we confirmed that three conserved histidines and a conserved cysteine (His203, His234, His404, and Cys98) are in close proximity to each other at the bottom of the hydrophilic pocket. We searched the Protein Data 
